The T3 subdivision has been reported to predict prognosis in rectal cancer. However, few studies describe a correlation between T3 subdivision and prognosis in colon cancer. The current study aimed validate the correlation between the invasion distance (ID) beyond the muscularis propria and prognosis in colorectal cancer. The present retrospective study included 148 consecutive patients with pathologically confirmed T3 colorectal cancer, who underwent resection between January 2008 and October 2012. T3 stage was subdivided based on ID: T3a, ID<1 mm; T3b, ID=1-5 mm; and T3c, ID>5 mm. Statistical analyses were performed to evaluate correlations between T3 subdivision groups (T3a + T3b versus T3c) and clinicopathological factors. Compared with the T3a + T3b group, the T3c group exhibited worse 3-year RFS (P=0.003) and 5-year CSS (P=0.006). Multivariate analysis demonstrated that 3-year RFS was significantly correlated with sex (P= 0.03) and ID (P= 0.02), and 5-year CSS was significantly correlated with lymphoid dissection number (P=0.02) and ID (P=0.03). A ROC curve was constructed using ID values and recurrence data, and the area under the curve was 0.63. These data revealed that ID beyond the muscularis propria was significantly associated with prognosis in T3 colorectal cancer.
Introduction
Colorectal cancer is the third most common cancer in the United States, with an estimated 1.4 million new cases diagnosed and 0.5 million related deaths in 2017 (1) . Colorectal cancer is staged based on TNM classification (2) . A correlation between extramural extent and prognosis in local advanced rectal cancer was reported in 1958 (3) , and the optimal cut-off points for mesorectal extension in pT3 and pT4 colorectal cancer were described in 1993 (4) .
Many reports suggest that T3 subdivision might improve the prediction of prognosis in rectal cancer (5) (6) (7) . A large study of colorectal cancer cases in 2007 reported a 3-year survival rate of 53% among cases with poor prognosis (T3-T4 tumors showing invasion >5 mm beyond the muscularis propria) compared to 87% among cases with good prognosis (T1-2 tumors and T3 tumors showing invasion of ≤5 mm beyond the muscularis propria) (8) . A recent meta-analysis concluded with an appeal to the AJCC to subdivide the T3 category with regards to rectal cancer (9) .
Although the 2003 TNM Supplement, 3rd edition, suggests subdivision of the T3 classification into T3a-d (10) , such subdivision is not yet specified in the 2010 7th TNM classification (UICC/AJCC). The 7th edition does include subdivision of T4 into T4a and T4b, and of Stage II into A to C. The T3 classification is also not subdivided in the 8th Japanese Classification of Colorectal Carcinoma or in the National Comprehensive Cancer Network guidelines.
While evidence suggests that T3 subdivision predicts prognosis in rectal cancer, few prior reports describe a correlation between T3 subdivision and prognosis in colon cancer. In the present study, we aimed to validate the correlation between the invasion distance (ID) beyond the muscularis propria (MP) and prognosis in colorectal cancer, excluding low rectal cancer without serosa.
Materials and methods
Study design and patient characteristics. This retrospective study included 148 consecutive patients with pathologically confirmed T3 colorectal cancer, who underwent their first operation at our department between January 2008 and October 2012. We excluded patients with low rectal cancer, which the deepest invasion part of the tumor occupied on the anal side of the peritoneum, and patients who received pre-operative radiotherapy and/or chemotherapy. All included patients were free of metastatic lesions, and all operations were curative.
T staging was determined according to the 7th version of the UICC TNM classification of colorectal carcinoma (11) . Of the 148 included patients, 118 underwent laparoscopic surgery (single-port surgery via the TANKO approach in 24 patients), and 30 underwent open surgery. Based on the degree of differentiation, tumors were divided into two groups: Well and moderately differentiated tubular adenocarcinoma, or other. All participants gave their informed consent, and this study was approved by the Institutional Review Board (approval number 15144).
Patient follow-up. After curative colorectal cancer resection, patient surveillance was based on Japanese Society for Cancer of the Colon and Rectum (JSCCR) guidelines (12) . Postoperative follow-up included serum CEA measurement every six months, CT scanning every six months, yearly colonoscopies, and routine outpatient visits. Recurrence was defined as radiologic and histopathological evidence of tumor presence after surgery. Local recurrence was defined as tumor presence at the anastomosis site, pelvis, or peritoneum.
Adjuvant chemotherapy. Adjuvant chemotherapy was recommended for all patients with stage III colorectal cancer, and was administered following JSCCR guidelines (12) . For patients with high-risk colon cancer (13) and lymph node metastasis, the attending physician decided whether to administer adjuvant chemotherapy. Adjuvant chemotherapy was administered for a duration of 6 months, and the regimens included UFT, UFT + UZEL, UFT + PSK (polysaccharide-Kureha) (14) , capecitabine, TS-1, FOLFOX (5-FU + oxaliplatin), and XELOX (capecitabine + oxaliplatin). ID beyond the muscularis propria. Resected tumors were sliced into multiple vertical sections at the point of maximal tumor invasion, and these sections were embedded in paraffin. Next, 4-µm slices were cut and stained using hematoxylin and eosin. In at least four sections from each tumor, we measured the histological distance of the maximal tumor invasion beyond the MP, termed the ID. These measurements were taken without any clinical information about the patients (5) .
Based on the ID, the pT3 stage was divided into three groups: T3a, ID<1 mm; T3b, ID=1-5 mm; and T3c, ID>5 mm. Ascending colon cancer cases categorized as T3a (ID=0.5 mm) and T3c (ID=9.1 mm), which were both pathological stage II are shown in Fig. 1A . The ID measurement method in the T3a, T3b, T3c groups is shown in Fig. 1B . In cases lacking a clear MP line, the maximal tumor ID beyond the MP was measured based on an imaginary line drawn horizontally extending from the normal MP lines (Fig. 1C) (5) .
Statistical analysis.
To assess whether the pT3 subdivision groups were correlated with clinicopathological factors, we compared the T3a + T3b group versus the T3c group. We compared age, BMI, tumor size, and ID between these groups using a t test. We used Fisher's test to investigate whether the pT3 subdivision groups were correlated with sex, adjuvant chemotherapy, serum carcinoembryonic antigen (CEA) levels, degree of differentiation, lymphoid dissection number, surgical procedure, lymphoid metastasis, or angiolymphatic invasion.
Cox regression analysis was performed to analyze the independent prognostic factors for 3-year relapse-free survival (RFS) and 5-year cancer-specific survival (CSS). We investigated the correlation between pT3 group and 3-year RFS using the Wilcoxon test, and the correlation between pT3 group and 5-year CSS using the log-rank test. The ID values were used to construct receiver operating characteristic (ROC) curves, from which we determined ID cut-off values. Statistical analyses were performed using JMP Pro 13.0.0 (SAS Institute Inc., Cary, NC, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Clinicopathological characteristics. Fig. 1D presents the ID values from all cases in this study. The pT3 subdivision was T3a in 19 patients, T3b in 81 patients, and T3c in 48 patients. The 3-year relapse rate was 5.3% among T3a patients, 11% among T3b patients, and 27% among T3c patients. The 3-year RFS rate was significantly worse in T3c patients compared to in T3a patients (P=0.03) or T3b patients (P=0.009) ( Fig. 2A) . The 3-year RFS rate was worse in the T3c group compared to in patients with an ID≤5 mm (the T3a + T3b group) (P=0.003; Fig. 2B ).
Patients' clinicopathological characteristics are shown in Table I . Table II shows the correlations between 3-year RFS and clinicopathological characteristics, as determined by univariate and multivariate analysis. Univariate analysis revealed that 3-year RFS was correlated with sex (P=0.03), vascular invasion (P=0.02), lymphoid metastasis (P=0.02), and ID with a cut-off point of 5 mm (P=0.005). Multivariate analysis showed that 3-year RFS was independently correlated with sex (P=0.03) and ID (P=0.02). The 5-year CSS rate was worse among patients with ID>5 mm compared to those with ID≤5 mm (P= 0.006) (Fig. 2C) . Univariate analysis revealed that 5-year CSS was correlated with lymphoid dissection number (P=0.02), vascular invasion (P=0.03), and ID (P=0.009; Table III ). In multivariate analysis, 5-year CSS was significantly ID cut-off value. An ROC curve was constructed using ID values and recurrence data, and the area under the curve was 0.63 (Fig. 2D) . The optimal cut-off value for separating recurrence from non-recurrence was an ID of 5.1 mm (73% sensitivity, 57% specificity, and 70% accuracy).
Discussion
Studies of colorectal cancer report a predominance of the T3 stage, with the following T-stage distribution: 12% T1, 14% T2, 44% T3, 24% T4a, and 6% T4b (12) . Similarly, in our department, the vast majority of stage II and III colorectal cancer cases are categorized as T3. The 4th TNM classification supplementary for low rectal cancer mentions T3 subdivision as an optional classification. However, the 7th TNM classification from 2010 recommends subdivision of T4 cases into T4a and T4b cases, while T3 cases still constitute a single category. Many reports describe rectal cancer cases with a great mesorectal extension depth has having a poor prognosis, and clinical trials of neoadjuvant chemotherapy in colon cancer have used an ID of ≥5 mm to delineate the poor prognostic group (15) . However, T3 subdivision in colon cancer is still not common, and few reports have actually validated the prognostic influence using pathological analysis.
In our present study, we evaluated the clinical significance of T3 subdivision based on ID in colorectal cancer, excluding low rectal cancer. We found that an ID of 5.1 mm was the optimal cut-off value for separating recurrence from non-recurrence (Fig. 2D) , and thus used an ID of 5 mm as the cut-off value for analysis. This was similar to previous studies, which have performed T3 subdivision as follows: T3a, ID<1 mm; T3b, ID=1-5 mm; T3c, 5<ID≥15 mm; and T3d, >15 mm. In an analysis of rectal cancer, Shin et al compared prognosis between the T3a + T3b group and the T3c + T3d group (6) . Zinicola et al retrospectively summarized 12 studies reporting an ID cut-off in T3 rectal cancer, and noted that the smallest standard errors were found when using a 4-mm or 5-mm ID cut-off to analyze 5-year survival (9) . In one of the included studies, Merkel et al used a 5-mm ID cut-off in 853 patients from the Study Group for Colo-Rectal Carcinoma (16) . Finally, in an analysis of preoperative diagnosis using CT or MRI, a 5-mm cut-off was used as a criterion for surgery or neoadjuvant chemotherapy in colon cancer (15) . Standard therapy for Stage III colon cancer includes colon resection with mesentery (17) and oxaliplatin-based adjuvant chemotherapy (18) (19) (20) . In cases with lymph node metastasis, JSCCR guidelines recommend adjuvant chemotherapy (12) . Our present results indicated that T3 subdivision (T3c versus T3a + T3b) correlated with tumor size (P=0.0002), lymphoid metastasis (P=0.01), lymphatic invasion (P=0.03), and vascular invasion (P=0.04). Adjuvant chemotherapy was more commonly administered in the T3c group than in the T3a + T3b group (P=0.08). In other words, T3 subdivision was significantly correlated with prognostic factors, and was associated with the administration of adjuvant chemotherapy. We found that ID and sex were independent risk factors for 3-year RFS, and that ID and lymphoid dissection number were independent risk factors for 5-year CSS (Tables II, III) . Overall, T3c cases had a worse prognosis than T3a and T3b cases ( Fig. 2A) . Lymphoid metastasis, degree of differentiation, and angiolymphatic invasion were not independent risk factors for 3-year RFS or 5-year CSS in our study, likely due to the inclusion of patients with and without adjuvant chemotherapy. It might be useful to use ID as a prognostic marker for T3 colorectal cancer patients, except those with low rectal cancer, without accounting for adjuvant chemotherapy.
Among the 64 patients in our study with lymph node metastasis, 18 (28%) were not administered adjuvant chemotherapy. Of these 18 patients, 6 suffered a relapse, including 4 T3c and 2 T3b cases. These data suggest that adjuvant chemotherapy should be administered in T3c cases with lymph node metastasis. Among the 84 patients without lymph node metastasis, 7 (8%) were administered adjuvant chemotherapy. No deaths due to colorectal cancer occurred among the T3a cases in our study. We found that 3-year RFS was significantly worse among T3c cases than T3b cases (P=0.009) ( Fig. 2A ). Since operative stress carries a risk of promoting tumor growth, immediate intervention is required Multivariate to eradicate micrometastases (21) (22) (23) (24) (25) . Our present data suggest that it might be beneficial to administer earlier treatment, such as neoadjuvant chemotherapy, in T3c cases. Our present study had three limitations. First, it was a retrospective study with a small number of cases. Second, the adjuvant chemotherapy methods were diverse, and the administration of adjuvant chemotherapy was decided by the attending physician. Third, there was only a small number of events for the 5-year CSS analysis (9 patients). The reason for the difference in gender is unclear. We have to increase the number of the cases and to consider again in the future, and to plan prospective study about the problem of postoperative adjuvant chemotherapy.
Among cases of T3 colorectal cancer (excluding low rectal cancer), ID above the muscularis propria was significantly associated with prognosis.
